immunoreactive-glucagon concentrations suggests that manifestation of the defect is dependent on the extent of the prevailing hyperinsulinaemia. Consistent with a deficit in an insulindependent mechanism, administration of 100 units of insulin/kg body wt, was required to decrease significantly the circulating Cterminal immunoreactive glucagon and the glucose concentrations of starved oblob mice. (Fig. 2 ).
immunoreactive-glucagon concentrations suggests that manifestation of the defect is dependent on the extent of the prevailing hyperinsulinaemia. Consistent with a deficit in an insulindependent mechanism, administration of 100 units of insulin/kg body wt, was required to decrease significantly the circulating Cterminal immunoreactive glucagon and the glucose concentrations of starved oblob mice. (Fig. 2 ).
In conclusion, adult oblob mice display abnormal plasma glucagon responses to glucose and insulin. It is suggested that marked insensitivity to local regulation of A-cell function by endogenous insulin may contribute to both the inappropriately high circulating glucagon concentrations and the paradoxical plasma glucagon responses of oblob mice.
Similarity between the action of nicotinamide and diazepam on neurotransmitter metabolism in the rat
B. KENNEDY and B. E. LEONARD Department of Pharmacology, University College, Galway,
Republic of Ireland
Mohler et al. (1979) have suggested that the endogenous ligand for the benzodiazepine receptor in the mammalian brain is nicotinamide. These investigators have shown that high doses (up to 1000mg/kg body wt.) administered systemically to rodents produce neuropharmacological changes that are qualitatively similar to those seen after diazepam treatment. The aim of the present study was to assess whether these drugs had a similar effect on the stress response of rats elicited by being placed in an open-field apparatus. As there is some evidence that diazepam affects the turnover of serotonin, and possibly also of GABA*, in the rat brain (Polc et al., 1974; Stein et al., 1975) the effect of nicotinamide on the turnover of the catecholamines. serotonin and GABA was also investigated. Studies were restricted to two areas of the mesolimbic system (hippocampus and amygdaloid cortex) because other investigators have produced evidence to suggest that these regions, which contain noradrenergic and serotonergic nerve terminals, are most intimately involved in the anxiolytic action of the benzodiazepines (Stein et al., 1973) .
In all experiments, male Wistar rats weighing approx. 200g were used; all drugs were given intraperitoneally. In the 'openfield' test, rats were placed singly into the aparatus (Gray & Lalljee, 1974) for 3 min. They were then removed, decapitated, the heads subjected to microwave irradiation (2.6kW for 1.5s) and placed in ice. The brains were dissected free-hand into the hippocampus and amygdaloid cortex. The neurotransmitters and metabolites were determined fluorimetrically after Abbreviations: GABA, y-aminobutyrate; 5-HIAA, 5-hydroxyindol-3-yl acetic acid.
separation on Sephadex G-10 micro-columns (Earley & Leonard, 1978) .
The doses of drugs used were chosen from the studies of other investigators (Sansone, 1975; Mohler et al., 1979) . In the first experiment, we studied their effects on the steady-state concentrations of tryptophan, serotonin, 5-HIAA and GABA.
The changes induced by both drugs were most marked in the hippocampus. The slight decrease in the concentration of 5-HIAA (7% for diazepam and 12% for nicotinamide) suggests that the turnover of serotonin is decreased in this brain region. However, the drugs differed in their effects of the concentration of GABA. Thus nicotinamide decreased the concentration of this neurotransmitter in both brain regions by 14%, whereas diazepam decreased it in the amygdaloid cortex by 8% and decreased it in the hippocampus by 14%. The effects of these drugs on the turnover of GABA after exposure to the stress of the 'open field' apparatus was therefore investigated.
The results of this experiment are summarized in Table 1 . It can be seen that both nicotinamide and diazepam treatment alone slow the rate of accumulation of GABA after the administration of 4-aminohex-5-ynoate (' y-acetylenic-GABA': a GABA transaminase inhibitor). However, although this effect did not reach statistical significance in the hippocampus. diazepam treatment significantly decreased the rate of GABA accumulation in the amygdaloid cortex. Differences between the saline-and drug-treated groups became more apparent after the animals had been subjected to the stressful effects of the 'openfield' apparatus. Under these experimental conditions, it can be seen that the rate of accumulation of GABA after GABA transaminase inhibition is significantly decreased in the hippocampus of both groups of drug-treated animals. The results of this experiment therefore suggest that both diazepam and nicotinamide significantly decrease the turnover of GABA in the hippocampus of rats that are subjected to the stressful effects of the BIOCHEMICAL SOCIETY TRANSACTIONS 
P < 0.05).
In the third experiment, the effects of diazepam and nicotinamide on the turnover of brain biogenic amines was assessed. From the results it is apparent that both drugs slow the rate of accumulation of serotonin in the amygdaloid cortex (nicotinamide by 13% and diazepam by 17%) and increase that of noradrenaline in the hippocampus (nicotinamide by 6% and diazepam by 27%). The accumulation of dopamine was also increased in both brain areas after nicotinamide (30% in the hippocampus and 46% in the amygdaloid cortex) and in the amygdaloid cortex after diazepam (7%).
Mohler et al. (1979) reported that nicotinamide has properties in common with the benzodiazepines in its ability to enhance presynaptic inhibition in cat lumbo-sacral spinal cord, its anticonflict effect in rats, anticonvulsant activity, muscle relaxant and hypnotic action. Enna & Snyder (1975) previously showed that nicotinamide does not bind to GABA receptors. The high doses (up to lOOOrng/kg body wt, given intraperitoneally) necessary to elicit some of the pharmacological and neurochemical changes can be attributed to the very low uptake into the brain (0.3% according to Deguchi et al., 1968) . The only other investigation that shows that nicotinamide affects brain monoamine metabolism was by Scherer & Drainer (1972) , who showed that it increased the concentration of serotonin in rat brain. Our studies have shown that this drug has a qualitatively similar effect to diazepam on the turnover of serotonin, noradrenaline, dopamine and GABA in those areas of the brain that are thought to be deranged in anxiety. It is well established that synaptosomal plasma membranes and microsomal fragments from brain contain a tightly bound protein kinase that is stimulated by cyclic AMP, and that catalyses the phosphorylation of endogenous proteins (Weller & Rodnight, 1970 , 1973 Ueda et al., 1973; Ehrlich & Routtenberg, 1974) . In addition there is a bound protein phosphatase that catalyses the dephosphorylation of the proteins (Weller & Rodnight, 1971) . The protein kinase and its substrate proteins are located in the region of the synaptic junction (Weller & Morgan, 1976) and recent evidence suggests that all the membrane-bound cyclic AMP-stimulated kinase activity is, in fact, presynaptic (Weller, 1977) . Thus far the only role convincingly described for the phosphorylation and dephosphorylation of synaptic-membrane proteins is the control of membrane permeability to Ca2+ (Weller & Morgan, 1977) . This, coupled with the presynaptic location of the system, suggests that membrane protein phosphorylation and dephosphorylation might have an important function in the regulation of neurotransmitter release from nerve endings.
The release of the important inhibitory neurotransmitter GABA' from synaptosomes may be stimulated by increasing the extracellular concentration of K+. Under these conditions, release shows a marked dependence on Ca2+ (Hammerstad & Lytle, 1976; Raiteri et al., 1975) . We have examined the effect of membrane protein phosphorylation on the uptake of ['HIGABA into rat cortical synaptosomes and on the Ca2+-dependent K+-stimulated release of label from the same preparation.
The methods used have been published previously (Brennan & Cantrill, 1978 , 1979 . Briefly, synaptosomes prepared from the cerebral cortices of adult male Wistar rats were preloaded with l3H1GABA with or without preincubation in 1 mM-ATP to effect membrane protein phosphorylation (Weller & Morgan, 1977) . Uptake of I 3HIGABA by the synaptosomes was measured by using a rapid Millipore filtration technique (Brennan & Cantrill, 1979) . Control experiments in which ATP was added immediately before filtration were carried out. Uptake parameters (V,,,, and apparent K,) for 13HIGABA in the range 0 -2 5 p~ were determined from using Eadie-Hofstee plots.
In the efflux studies, release of label from the synaptosomes was monitored by using a superfusion system that minimizes re-* Abbreviation: GABA, parninobutyrate.
